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1. SIGNS OF PROGRESS
The motor vehicle industry
was, without doubt, one of the most
successful industries of the 20th
century. The technologies involved
have been refined to the highest
level and have been the driving
force behind the evolution of the
manufacturing industry overall in
the last century. However, environ-
mental and other issues surfaced
in the last half of the 20th century
and instigated a need to review the
relationship between soceity and
the automobile. The basic prin-
ciples involved in the automobile
have hardly changed in a hundred
years and the time seems right for
more advancement.
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The field of robotics has
evolved rapidly with the dawning
of the new millennium and this
will probably be a trigger of another
vehicle’s evolution. The aim of the
Hallucigenia Project is to research
and develop next-generation ve-
hicles with a fusion of motor ve-
hicle and robotics technologies.
2. MOTOR VEHICLE & RO-
BOTICS TECHNOLOGIES
Most automobiles have a
single driving component that pro-
vides a force that is distributed
throughout the vehicle. Expressions
used in the industry such as FF
(front engine, front wheel drive) and
FR (front engine, rear wheel drive)
indicate precisely the engine’s core
role in the automobile. In contrast
to this, the driving components in
industrial robots and humanoid ro-
bots are generally located in the
various parts. The motors work to-
gether to carry out a variety of
tasks. Robotics often incorporates
redundant design of the number of
power units and degree of freedom
for the required purpose. However,
this is not often seen in automo-
biles where the minimum number
of tires needed for stability (usu-
ally 4) is used and the components
required for transferring power to
the wheels and steering are kept to
a minimum.
In overly simple terms, we
might say that traditional motor ve-
hicle technology is centralization for
efficiency and performance while
robotics is decentralized and redun-
dant for flexibility and diversity.
3. SMALL WHEEL CLUS-
TERS PROVIDE COOP-
ERATIVE  BEHAVIOR AND
REDUNDANCY
The Hallucigenia project aims
to bring together these 2 differing
approaches in technology.
In practical terms, it aims to
produce a vehicle that is mobilized
by a network of small wheel clus-
ters. Each wheel has its own motor
and sensors, and will operate as an
autonomous wheel module under
the control of a satellite computer.
A LAN link connects the wheels,
allowing them to work in coopera-
tive behavior. Under this concept,
each wheel will be a kind of robot
Fig. 1 Hallucigenia 01
The Hallucigenia 01 is the product of a fusion of motor vehicle and robotics technologies
developed under the Hallucigenia Project in collaboration with FuRo (Takayuki Furuta)
and Creative Box Inc., with Leading Edge Design (Shunji Yamanaka) as the central driving
force. Each of the eight wheels have a robotic arm driven by four motors that work together
to allow the Hallucigenia 01 to circle, move sideways and negotiate different surface
levels, etc.
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itself and these clusters of small ro-
bots support the chassis floor. The
number of wheels can be adjusted
according to seating and loading ca-
pacity. Using small wheels, a low,
flat floor can be developed that will
4. WHEEL MODULE
Each wheel module has 3 joints
for turning the wheel (steering), ver-
tical movement (lifting) and rotat-
ing the entire module (swinging).
Each joint has a motor that facili-
tates control of 3-dimentional posi-
tions and direction. In addition to
the rotation of the drive wheel, the
support legs have 4 degrees of free-
dom. The swinging function is a to-
tally new feature not seen in
conventional wheels. This feature al-
lows the vehicle to reconfigure tires
formation dynamically so that it can
adjust its center of gravity and re-
spond flexibly to road conditions.
Fig. 3 and 4  Wheel Module
Each of the 3 joints (steering, lifting and
swinging joints) has an identical module
motor.
Table 1  The Hallucigenia 01 main specification
Size Length : 577 mm
Height : 312-378 mm
Width : 33 mm
Floor height : 65-131 mm
Weight 5 Kg
Total number of motors 32
Number of support legs 8
Number of motors on each support leg 4
To drive wheel : 1
To drive joints : 3
Sensors Total : 33
Joint angle sensor : 24
Wheel control encoder : 8
3 axis angle sensor : 1
Main computer ATOM × 1
(64 bit CPU: VR5500 400 MHz)
Number of sub-computers 12
Network Wireless modem × 1
Swinging
Steering
Lifting
Driving
allow for various cabin designs and
passenger layout.
The Hallucigenia 01 is a pro-
totype test vehicle of the concept
scaled down to 1/5 of actual size.
Fig. 2  Flat floor vehicle using miniature wheel clusters
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5. SENSORS AND NETWORKS
The experimental prototype
has been fitted with 8 wheels to
test its redundancy. With 8 wheel
modules induding 4 motors in each,
the Hallucigenia 01 is a multi-joint
robot fitted with a total of 32 mo-
tors. Each wheel module is con-
trolled by a sub-computer (satellite
computer), equivalent to the cer-
ebella in a human brain. The 12
satellite computers are connected
to the main computer, the cerebrum
in a human brain, via a LAN con-
nection to form the overall control
network.
6. FLAT FLOOR
The Hallucigenia 01 can run
on just the chassis. Batteries, con-
trols and sensors have been fitted
under the chassis to realize the con-
cept design clearly. The design of
the cabin to be mounted on top will
vary freely according to the need.
In this prototype, a gently curved
body style has been chosen to rep-
resent a comfortable living environ-
ment.
7. MOVEMENTS ACHIEVED
Cooperative behavior by these
wheel clusters allows the following
types of movement in the prototype:
Leveling: Body remains level
while traveling through rough ter-
rain such as mud or rubble. The
body can maintain a level attitude
when going over slopes and steps.
Floating: The vehicle can slide
sideways, at an angle or move in
A network consisting of 12 satellite computers linked to a main computer.
A single satellite computer controls 3 motors at the same time.
Fig. 5  On body LAN
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Fig. 6  Flat floor chassis supported by miniature wheel clusters
All-purpose platform with actuators, batteries, sensors and controls fitted
beneath the floor.
Fig. 7  Variation in wheel layout
The Hallucigenia 01 can move in all direc-
tions by rotating the wheels within its move-
ment range.
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zigzags without changing body di-
rection.
Spinning: It can spin on the spot
or face different directions re-
gardless of which direction it is
traveling.
Walking: The vehicle can walk
forwards and backwards and turn
around on the spot using its 8
support legs.
The Hallucigenia 01 fully uti-
lizes its redundancy. By lifting
some wheels off the ground to
change wheel directions in the air,
it can suddenly change direction or
spin. Also, while going over steps,
the front two wheels can be lifted
up to work as touch sensors.
8. FUTURE OUTLOOK
The goal for the foreseeable fu-
ture is application in day-to-day ur-
ban transportation. The project aims
to develop an accessible vehicle that
can use the limited spaces in crowded
cities. As long as there is space to
park the body, the Hallucigenia 01
can slide in from any angle and
travel over large gaps and steps. It
is hoped that this electrically pow-
ered vehicle will be used by urban
residents as a versatile, low-emis-
sion transport mode that transcends
indoor and outdoor boundaries.
Future research issues based on
the Hallucigenia 01 prototype in-
clude:
Studies into more delicate and
dynamic positioning control to
offer greater safety and comfort.
Studies into practical movement
and control methods and safety
issues for an urban transport
mode. Improved intellectual and
autonomous functions using cam-
eras and range sensors.
Studies into new interfaces. The
goal is not automated operations
but a vehicle that moves as the
driver wishes. A totally new ma-
neuvering system is needed for
the driver to safely operate all the
movements that the Hallucigenia
has to offer.
Studies into new structures and
designs for vehicles of different
size and number of support legs.
Feasibility study for the produc-
tion of a full-scale prototype. Per-
formance evaluations and analysis
of technical specifications for
application in welfare and disas-
ter relief vehicles as well as in
urban multi-purpose vehicles.
9. ORIGIN OF THE NAME,
HALLUCIGENIA
A massive evolutionary explo-
sion occurred in the oceans some
550 million years ago. The event is
sometimes called the "Cambrian
Explosion". Animals acquired hard,
functional organs such as nails,
shells and fangs and nature tested
out vagarious designs that are not
found in animals today in a struggle
for survival. This became the ex-
perimentation site for life.
Hallucigenia is an organism
that was so named by fossil scien-
tists due to its strange form. As a
result of the great evolutionary flow-
ering, only a handful of organisms
survived and became our ancestors.
Hallucigenia died off without leav-
ing offspring. However, there is no
doubt that the archetypes for organ-
isms today are the result of various
experiments. This project was
named Hallucigenia in the hope that
the experimental designs can trig-
ger the evolution of new designs
and might become the archetype for
future vehicles.
Fig. 8  The Hallucigenia 01 can keep its body level while traveling over bumps and steps
The front 2 wheels lift up to serve as a touch sensor. It employs its 8 wheels to identify the location and the height of the obstacles.
